In this paper, we make use of the relatively new analytical technique, the homotopy decomposition method (HDM), to solve a system of fractional nonlinear differential equations that arise in the model for HIV infection of CD4 + T cells and attractor one-dimensional Keller-Segel equations. The technique is described and illustrated with a numerical example. The reliability of HDM and the reduction in computations give HDM a wider applicability. In addition, the calculations involved in HDM are very simple and straightforward.
On the other hand, we consider the fractional parabolic systems to describe the aggregation process of cellular slime mold by the chemical attraction [] . Recently, the Keller-Segel (KS) equations attracted interest of many mathematicians. Local solutions were studied by the second author [] . The paper is structured as follows. In Section , we give a brief history and properties of the fractional derivative order definition. In Section , we present the basic ideal of the homotopy decomposition method for solving fractional partial differential equations. We present the application of the HDM for a system of fractional nonlinear differential equations and numerical results in Section . The conclusions are then given in the final Section .
Fractional order derivative

Brief history
There exists a vast literature on different definitions of fractional derivatives. The most popular ones are the Riemann-Liouville and the Caputo derivatives. For Caputo, we have
For the case of Riemann-Liouville, we have the following definition: 
His modified Riemann-Liouville derivative seems to have advantages over both the standard Riemann-Liouville and the Caputo fractional derivatives: it is defined for arbitrary continuous (non-differentiable) functions, and the fractional derivative of a constant is equal to zero. http://www.advancesindifferenceequations.com/content/2013/1/94
We can point out that Caputo and Riemann-Liouville derivatives may have their disadvantages, but they are more useful when dealing with some real world problems [] . Every definition must be used accordingly.
Properties and definitions
Definition  A real function f (x), x > , is said to be in the space C μ , μ ∈ R if there exists a real number p > μ, such that f (x) = x p h(x), where h(x) ∈ C[, ∞), and it is said to be in
Definition  The Riemann-Liouville fractional integral operator of order α ≥ , of a function f ∈ C μ , μ ≥ -, is defined as
Definition  (Partial derivatives of fractional order) Assume now that f (x) is a function of n variables x i , i = , . . . , n, which is also of class C on D ∈ R n . We define a partial derivative of order α for f with respect to x i
If it exists, where ∂ m xi is the usual partial derivative of integer order m.
Basic idea of the HDM [11, 12]
To illustrate the basic idea of this method, we consider a general nonlinear nonhomogeneous fractional partial differential equation with initial conditions of the following form:
subject to the initial conditions 
in the case of the Caputo fractional derivative,
Or, in general, by putting
we obtain
In the homotopy decomposition method, the basic assumption is that the solutions can be written as a power series in p
and the nonlinear term can be decomposed as
where p ∈ (, ] is an embedding parameter. H n (U) is He's polynomials that can be generated by
The homotopy decomposition method is obtained by the graceful coupling of homotopy technique with the Abel integral and is given by
Comparing the terms of the same powers of p gives solutions of various orders with the first term
Theorem ([]) Suppose that X and Y are the Banach spaces and V : X → Y is a contraction nonlinear mapping. If the sequence generated by the homotopy decomposition method is regarded as
then the following statements hold:
Proof () We prove the statement () by induction on n, U  -U = G(U  ) -U , and according to the Banach fixed point theorem, V has a fixed point U meaning V (U) = U; therefore,
() The first concern here is to prove that T(x, t) ∈ B(U(x, t), r), and this is achieved by induction on m.
Assume that T(x, t) -U(x, t) ≤ r for m - is an induction hypothesis, then
Now, for all n ≥ , using () we have
() Using () and the fact that lim n→∞ ϕ n =  yields that lim n→∞ U n -U = ; therefore,
Application
'In learning science examples are more useful than rules' (Isaac Newton). In this section we apply this method to solving a system of fractional differential equations.
Fractional model for HIV infection of CD4 + T
This model is characterized by the system of nonlinear differential equations
subject to the initial conditions Following the HDM steps, we arrive at the following integral equations:
Here, r is any positive constant; T(t), I(t) and
Comparing the terms of the same power of p, we obtain the following integral equations that are very easy to solve. Note that, with the homotopy perturbation method (HPM), one will obtain a set of ordinary differential equations after comparing the terms of the same power of p, which is very hard to compute in the case of high order ODE
The components of the series solution are obtained directly
Using the package Mathematica, in the same manner one can obtain the rest of the components. But here, a few terms were computed and the asymptotic solution is given by 
Fractional attractor one-dimensional Keller-Segel equations
In  Keller and Segel [] presented parabolic systems to describe the aggregation process of cellular slime mold by chemical attraction. The system of a simplified form in the one-dimensional case is written as follows:
subject to the boundary condition
and the initial conditions 
subject to the initial conditions
The following solutions are obtained:
(.b)
Using the software Mathematica, we can obtain the remaining terms. But here only a few terms of the series solutions are considered and the asymptotic solution is given as Using the software Mathematica, the remaining terms can be obtained. But here only a few terms of the series solutions are considered and the asymptotic solution is given as u(x, t) = u  (x, t) + u  (x, t) + u  (x, t) + u  (x, t) + · · · , ρ(x, t) = ρ  (x, t) + ρ  (x, t) + ρ  (x, t) + ρ  (x, t) + · · · .
(.)
Conclusions
Our concern was to provide asymptotic solutions to the system of fractional nonlinear differential equations that arise in the model for HIV infection of CD + T cells and attractor one-dimensional Keller-Segel equations, using a relatively new analytical technique, the homotopy decomposition method. We presented the brief history and some properties of the fractional derivative concept. It is demonstrated that HDM is a powerful and efficient tool for a system of FPDEs. In addition, the calculations involved in HDM are very simple and straightforward.
